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Therecovery of formerly heavily eutrophicated Vesijérvi from noxious cyanobacterial
bloomsis described in terms of changes in phytoplankton and water quality. Substan-
tial water protection and restoration measures were introduced since 1975. Two main
turning points in the phytoplankton community structure occurred: a shift from Plank-
tothrix agardhii- to Aphanizomenon flos-aquae-dominant blooms in the early 1980s
and the total collapse of the cyanobacterial blooms in 1990. Both shifts were closely
connected to the decrease in the nutrient concentrations (total N decreased from 800 mg
3 to 600 mg m~= and total P from 60 mg m= to 30 mg m=), to the increase in water
transparency, and to the elimination of extremely high pH values (> 9). In the mid-
1990s the water quality as well as the species composition and the biomass of phyto-
plankton in Vesijérvi resembled the situation in the late 1950s.

Introduction

Eutrophication of freshwater lakes is frequently
accompanied by blooms of cyanobacteria, which
significantly lower the recreational and fishery
valueof thewater body. Intherestoration of lakes
one god is, thus, often to raise the recreationa
value of the lake by removing these noxious
blooms. The reasons for the mass occurrence of
cyanobacteriain eutrophicated lakesaremanifold.
Cyanaobacteriahavetheability to outcompete other
species at low light intensities (Pearl and Ustach

1982, Zevenboom et al. 1982) and low maximal
growth rates (Reynolds 1984). They are also ca-
pable of regulating their buoyancy and have low
lossrates(e.g. Reynoldsand Walsby 1975, Klemer
et al. 1982), aswell as often high affinitiesfor N
(Tilman et al. 1986) and/or the ability to fix at-
mospheric N (e.g. Zevenboom and Mur 1980).
While the occurrence of cyanobacterial blooms
isavery popular field of study, the mechanisms
responsible for the disappearance of cyanobacte-
rial bloomsin the course of |ake restoration have
been studied rather less (Sas 1989, Kairesalo et
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al. 1999). Although it has been shown that cyano-
bacterial blooms tend to disappear as the P con-
centration of the water decreases (e.g. Sas 1989),
the mechanisms and time-scalesinvolved in dif-
ferent types of lakesaswell astherole of internal
loading are still fairly unknown. The occurrence
of different species of cyanobacteriaand their in-
teraction with other phytoplankton groupsis an-
other interesting aspect in the of ten-observed suc-
cessional decrease of noxious cyanobacterial
bloomsin lakes recovering from eutrophication.

Vesijarvi (Fig. 1) isaformerly heavily eutro-
phicated lake in southern Finland (61°00°N,
25°30°E) with a surface area of 110 kn? and a
mean depth of 6.0 m. After decades of urban sew-
age pollution, the sewage inflow to the lake was
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Fig. 1. Vesijarvi. The sam-
ples were taken from the
deeps of Kajaanselka (80)
and Enonselka (10) and
from the community beach
in Mukkula (M). The 5 m
’.u' and 10 m depth curves are
also shown.

divertedin 1976. The Enonselkébasin (area26 knv,
mean depth 6.8 m) in particular was heavily eutro-
phicated by the sewage pollution throughitsnear-
ness to the city of Lahti, while the Kgjaanselka
basininthenorthern part of thelake suffered less.
The Enonselkébasin was artificially aerated dur-
ing stagnation periods in 1979-1984 (Keto and
Sammalkorpi 1988). The initially promising re-
covery of the lake (Keto 1982) was disturbed by
the return of noxious cyanobacterial blooms in
the beginning of the 1980s, due to roach-stock
mediated internal nutrient loading (Keto and Sam-
malkorpi 1988). The internal loading maintained
and even intensified the eutrophication and re-
stricted therecreational and fishery use of thelake
in the late 1980s through the mass development
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of cyanobacterial blooms (Keto and Sammalkorpi
1988, Horppila and Kairesalo 1990, Horppila
1994).

The Vesijarvi Project was initiated in 1987.
The goals of the program were to stop the eutro-
phication, to eliminate the toxic bloomsand mass
devel opments of cyanobacteria, torehabilitatethe
recreational values and to re-establish a sustain-
ablefishery inthelake. The project combined the
goalsof water quality control and fishery manage-
ment in an ecol ogical management strategy. Over
1 200 tonnes of coarse fish (mainly roach and
smelt) were removed from the lake (described
more closely in Horppila 1994 and Kairesalo et
al. 1999). Pikeperch and other predatory fish
stocks wereintroduced beginning in 1984. These
measures have resulted in increasesin the natural
stocks of predatory fish (pike and pikeperch) and
ineconomically important planktivorousfish (spe-
cies of vendace and whitefish). A considerable
decrease in the external loading of the lake was
reached by establishing protection zones between
the watercourses and cultivated areas.

Thisarticleisan overview of the development
of the water quality and phytoplankton commu-
nity in thelake in the course of the recovery from
the man-induced eutrophication and, especially,
biomanipulation process. In particular, we try to
illustrate the causes involved in the phase-out of
the noxious cyanobacterial dominancein thelake
phytoplankton.

Materials and methods

The water quality and phytoplankton data series
consistsof water quality monitoring datacollected
from Vesijarvi mainly between 1982 and 1995.
Thewater quality samples(total nitrogen (N), total
phosphorus (P), iron (Fe), manganese (Mn), pH,
conductivity, secchi depth, O, and temperature)
were taken monthly, whereas phytoplankton and
chlorophyll a samples were collected 5-8 times
between May and October each year. Samples
were collected from the deepest part of two ba-
sins: Enonselka (maximum depth 30 m) and Ka-
jaanselkéd (40 m). In addition, pH measurements
from the littoral zone of Enonselka (Mukkula)
wereincluded. The water samples were analysed
inthelaboratory of the City of Lahti as described
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inKeto (1982) and Horppilaand Kairesal 0 (1990).
The phytoplankton sampleswere counted accord-
ing to Utermohl (1958). The nomenclature fol-
lows Tikkanen (1986) and Krammer and Lange-
Bertalot (1991).

The statistical analyses were performed with
the Detect and Exceed software, version 2.0. First-
ly, the nature of any existing trends (monotonic,
i.e. steadily increasing or decreasing, or stepwise,
i.e. sudden) was preliminary investigated with the
cumulative sumsfunction (CUSUM, Cluis1988).
Thereafter, the datawere analysed for Markovian
persistance, i.e. the structure of the autocorrelation
within them was analyzed (K ettunen 1989), after
which the datawere checked for seasonality with
Bartlett's test (Neter and Wasserman 1974) ac-
cording to Cluis (1988). Thereafter, an appropri-
ate non-parametric test (see Cluis 1988 or K ettu-
nen 1989) was chosen to detect significant (p <
0.05) monotonictrends or stepwisechangesinthe
trends of the data series. These procedures were
performed on the whole data series (1979-1994)
and on the earlier (1979-1988) and later (1989—
1994) periods separately. Further information
about the tests used can be found in Lettenmeier
(1976), Hirsch et al. (1982), Hirsch and Slack
(1984), Van Belle and Hughes (1984) and K ettu-
nen (1989).

Results
Water quality

The main trend in the recovery of Vesijarvi can
clearly be seen in the conductivity values since
the 1960s (Fig. 2). In Enonselkd, the conductivity
attained its highest point in 1975. Asthe lakere-
covered, thevaluesdecreased to thelevel of those
measured in the late 1960s. The overall develop-
ment of the water quality of Vesijérvi isalso re-
flected in the water transparency (secchi depth)
inthelake. After thediversion of the sewageload-
ing the transparency in Enonselkaimproved con-
siderably to around 2 m, but by the beginning of
the 1980sit had started to decline again. Thewin-
ter blooms of cyanobacteria in the early 1980s
lowered the transparency all over Vesijarvi, but
as the winter blooms declined in 1985 the trans-
parency of Vesijarvi increased, only to decrease
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Fig. 2. The conductivity (mS m=1) in (A) Enonselk& (1966—-1994) and (B) Kajaanselké (1976-1994).

again during the productive season through the
summer-blooming cyanobacteria in the mid-late
1980s. In the beginning of the 1990stheclarity of
Vesijarvi water improved, and especially in June
and July thetransparency in Enonselk&increased
(Fig. 3A). When only the period after 1989 iscon-
sidered, a significant positive step was found for
the secchi depth in Enonselkd in 1992 and in
Kgaanselka in 1991 (Fig. 3A and E). On aver-
age, the transparency of the water during the
growth season doubled between 1989 and 1994.
Thedissolved oxygen concentration (DO) has
increased dightly in the Enonselk& basin during
the biomanipulation (statistically significant dif-
ference, Fig. 3B), while there have been only mi-
nor changes in the DO concentrations in Ka-
jaanselké (Fig. 3F). In Enonselk&, the DO con-
centration in the hypolimnion in particular has
improved, most notably in March, so that it ap-
proachesthe level of that in Kgjaanselka (Fig. 4).
Since 1982, when the regular phytoplankton
monitoring began, thetotal N level in Enonselka
has decreased statistically significantly, from
around 800 mg m=in 1982 to 500 mg n3in 1994
(Fig. 5A), and the total P correspondingly from
50-60 mg m=in the early 1980s to below 30 mg
n2in the mid-1990s (Fig. 5B). The clearest step
downwardstook placein 1989 (N) and 1990 (P).
In Kajaanselkd, the initial levels were lower and
the decreases less steep; both total N and total P
decreased statistically significantly, however,
from around 500 mg m=3to about 400 mg m3(N;
Fig. 5D), and from 20 mg m=to 15 mg m= (P,
Fig. 5E). A stepwisetrend was detectablein 1987
for N and in 1990 for P. The N:Pratio fluctuated

between 10 and 40 in Enonselkéwhile there were
more high values in Kgjaanselkd. When only the
period after 1989 is considered, anew step down-
wards emerged for N in Enonselkd, in 1992
(Fig. 5A). If only the beginning of the 1980s are
considered, the N values as well asthe N:P ratio
in Enonselk& showed positive stepwise trendsin
theearly 1980s (1983 and 1984, respectively). The
increase in the N:P ratio is partly due to the in-
creaseintheexternal N:Ploadingratio (1973: 5.9,
1979: 12.2, 1987: 19.5, 1992:20).

The chlorophyll a concentrations (Chl a,
Fig. 5D and H) tended toincreasein thelate 1980s
but have decreased afterwards more rapidly than
the respective phosphorus concentrations.

The water of Vesijarvi is slightly alkaline;
during thewinter stagnation period the pH istypi-
caly 7.2—7.4 (epilimnion) and 6.8-7.0 (hypolim-
nion) in both basins. In the 1980s, the pH often
exceeded 8 during thediatom bloomsin May, and
during cyanobacterial blooms from June till late
summer pH was 8.5-9 in the the upper part of the
epilimnion in Enonselka (0-5 m; Fig. 3C). In
August 1989, for instance, the surface water pH
was 10.5-11.0 during atwo-week massive cyano-
bacterial bloom. Inthe 1990sthe mid-summer pH
valueshavenot exceeded 8, but in August or early
September dight blooms of cyanobacteria have
elevated the pH to 8.5-9for afew days. Theover-
all trend in the surface pH in Enonselké has been
rising; however, it rose dlightly throughout the
1980s (Fig. 3C), with a step up in 1983. If only
the beginning of the 1980s are considered the pH
valuesalsoincrease, continously in Enonselkdand
stepwisely in Kajaansel k& (1983; Fig. 3C and G).
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Fig. 3. The secchi depth (water transparency; m), dissolved oxygen concentration (mg I-*and pH in Enonselka
(left-hand side panels) and Kajaanselka (right-hand side panels). Significant (p < 0.05) monotonic trends are
shown as increasing or decreasing lines. Significant (p < 0.05) stepwise increasing or decreasing trends are
indicated by the year in question with a + or — sign attached. If the stepwise trend was significant for the entire
period, the year is underlined. A non-underlined year indicates a significant stepwise trend during a shorter

period (1984-1988 or 1989-1994).

ThepH valuesfromthelittoral zone (the commu-
nity beach in Mukkula) showed adecreasing trend
from 1989 to 1994, though (Fig. 3D).

Phytoplankton

Thetotal phytoplankton biomassin Enonselkawas
very high (yearly average 7-8 g m=, maximum
values > 23 g m=) in the beginning of the 1980s,
but decreased sharply in 1984 and has decreased
further since then (statistically significant de-
crease; Fig. 6A). A significant stepwise decrease
took placein 1987. Except for afew isolated high
values, thetotal biomassin K ajaansel k& has been
on alower level (< 3 g m®) throughout the stud-

ied period (Fig. 6H).

The phytoplankton species composition in
Enonselk& has changed dramatically since the
early 1980s as the cyanobacteria have been re-
placed by other groups, mainly diatomsand cryp-
tophytes(Fig. 7A). In Kajaanselkg, the cyanobac-
terial dominance was marked only for a short pe-
riod in the beginning of the 1980s, and diatoms
have dominated for most of the rest of the period.
The chrysophytes' share of the total biomassin
Kagjaanselka has increased dightly in the 1990s
(Fig. 7B). Thedecreasesin cyanobacterial biomass
were significant in both basins, and significant
steps down were found in 1984 (Enonselkd) and
in 1986 (Kajaanselk&; Fig. 6B and I); if only the
period since 1989 isconsidered, negative stepwise
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k& in March and August between 1975 and 1994.

trends are found in Enonselk&in 1993 for the to-
tal phytoplankton biomassand in 1989 for the cy-
anobacteria (Fig. 6A and B).

In Kgjaanselkd, the trend has been the same:
thedominance of Planktothrix agardhii (Gomont)
Anagostidisand Komarék (possibly Planktothrix
mougeotii (T. Finni pers. comm.) and previously
referred to as Oscillatoria agardhii Gomont (e.g.
Keto 1982, Keto and Sammalkorpi 1988)) in the
beginning of the 1980s was however briefer, and
the mass occurrences of Aphanizomenon flos-ag-
uae (Linné) Ralfs between 1985 and 1989 were
absent (Fig. 8). Colonial coccal cyanobacteria(Mi-
crocystis sp., Woronichinia sp. and Showella sp.)
and Anabaena species have replaced the earlier
dominant speciesin the 1990s (Fig. 8). In 1982—
1984, astrain of red hepatotoxin-producing Plank-
tothrix agardhii caused substantial damagein both
Enonselkd and Kgjaanselka by bloomsin late au-
tumn and winter (Keto 1982, Keto and Sammal -
korpi 1988, Persson et al. 1988).

The Aulacoseira bloom among the bacilla-
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riophytes in Enonselka in the early-mid-1980s
(Fig. 8) consisted of asuccession of species(Aula-
coseira italica (Grunow) Mdiller, A. islandica
Simonsen, Aulacoseira ambigua (Grunow) Si-
monsen and A. granulata (Ehrenberg) Ralfs. In
the 1990s several specieshavedominated (Fig. 8),
but nonefor any extended period of time (Aulaco-
seirasp., AsterionellaformosaHassall, Fragilaria
crotonensis Kitton, Tabellaria flocculosa (Roth)
Kitzing). A curiosity is the emergence of thein
Vesijarvi previously unknown Actinocyclus nor-
manii fo. subsalsa (Gregory ex Greville) Hustedt
inthe 1990s (Liukkonen et al. 1997, Kairesalo et
al. 1999). In Kajaanselké the Aulacoseira maxi-
mum in the mid-1980s was smaller. Only when
the period after 1989 is considered separately did
thediatom biomassincreasein Enonsalka(Fig. 6F).

The cryptophyte biomass has increased sig-
nificantly in Kajaanselkéd, with astep up in 1990,
whilethetrend in Enonselké has been if anything
decreasing (negative step in 1991; Fig. 6C). The
dinophyte biomass hasincreased dightly towards
theend of thestudied periodin Enonsalk& (Fig. 6D).
The chrysophyte biomass has increased statisti-
caly significantly in Enonselk& (Fig. 6E). Among
the chlorophytes, a mass occurrence of the litto-
ral Mougeotia sp. in 1984 in both Enon- and Ka-
jaanselkéaisinteresting.

Discussion

The changesin the phytoplankton community and
the variations in the water quality variables in
Vesijarvi during the studied period were clearly
interconnected. In Enonselka, two obvious step-
wise changes in the trends of the nutrients and
phytoplankton biomass have occurred: in 1984—
1985 and in 1989-1990. Both steps were appar-
ently functions of changes in the cyanobacterial
biomass and species composition, which were
either reflectedin, or caused by, respective changes
inthewater quality andinthefood web (Kairesalo
et al. 1999).

The disappearance of the Planktothrix agar-
dhii blooms, which had plagued Enonselka for
two decades (Keto and Sammalkorpi 1988), was
the main manifestation of the sudden change in
1984 in Enonselka and responsible for the sud-
den drop in thetotal phytoplankton biomass. The
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shift in species composition among the still domi-
nant cyanobacteria was towards Aphanizomenon
flos-aquae.

The aeration of the hypolimnion in the Enon-
selké basin during stagnation periods between
1979 and 1984 ceased in 1984, which may have
partially caused the disappearance of Planktothrix
agardhii. P. agardhii grows throughout the pro-
ductivelayer and does not form scums on the sur-
face (Ahlgren 1977, 1978). The additional tur-
bulence induced by the aeration may have fa-
voured the species, since P. agardhii and similar,
turbulence tolerant species (w-strategists, sensu
Reynolds 1986) are stimulated by mixing (Rey-
nolds 1984), and thus favoured by comparatively
high (2-3; Reynolds and Walsby 1975) mixed
layer:euphoticlayer depthratios. The curiousmass
occurrence of the green, normally exclusively lit-
toral algae Mougeotia sp. inthe lakein 1984 may

aso beanindication of changesin the turbulence
patterns in the lake that summer.

P. agardhii is in many respects more of an
opportuni st than Aphanizomenon flos-aquae (e.g.
Uehlinger 1981, Zevenboom et al. 1982). Apart
from the end of the aeration the recovery process
of thelake may havereached anew, steadier equi-
librium phase eight years after the sewage load-
ing had been diverted, which also favoured the
more* stable” cyanobacteria Aphanizomenon flos-
aquae. Thedominance of P. agardhii was, name-
ly, also diminished in K g aanselké, which had not
been aerated, at the same time. There, Aphanizo-
menon flos-aquaedid not takethe place of P. agar-
dhii, however; the cyanobacterial share of theto-
tal biomass, which had always been much lower
than in Enonselké, dropped instead.

Aphanizomenon flos-aquae is in addition, as
opposedto P. agardhii, capableof N,-fixation (e.g.
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Uehlinger 1981), and the shiftsin the nutrient con-
centrations in Enonselk& contributed to the shift
in species. Thetotal N concentration in thewater,
aswell astheN:Pratio, showed anincreasing trend
in 1984, however, and N fixation may, moreover,
be of only minor importancein shallow eutrophic
lakeswherethe internal loading is morelikely to
compensate for any observed N deficiency (L eo-
nardson 1984). Also, Aphanizomenon has been
shown to rather depend on nutrient pulses from
deeper water layersthan onits comparatively un-
economical N fixation (Grénlund et al. 1996,
Heiskanen and Olli 1996, Kononen et al. 1996).
Different nutrient affinity ismorelikely to bethe
operativefactor than N fixation. WhereasP. agar-
dhii has a high affinity for nitrate (Zevenboom
and Mur 1980), heterocystous cyanobacteriahave
another competitive advantage over non-hetero-
cystous ones in that they have a higher affinity
for P (Leonardson 1984, Jensen et al. 1994). At
least under in vitro conditions, the heterocyst-
forming Aphanizomenon flos-aquae has a higher
affinity for PO, than Planktothrix agardhii (Ahl-
gren 1977, Uehlinger 1981).

Bacillariophyceas

B Dinophyceas B Cryptophyceae

1982 1883 1984 1085 1086 1987 1988 1989 1890 1891 1992 1983 1994

Year
Chrysophyceae M Prymnesiophyceae

O Cyanophyceae

Whereas the temperature optima of the two
specieslieinthesamerange (25-30 °C; Uehlinger
1981), Aphanizomenon flos-aquae is more toler-
ant of high light intensities than is Planktothrix
agardhii (Uehlinger 1981) — naturally enough,
since Aphanizomenon flos-aquae forms surface
blooms and thus is exposed to very high light
intensities. Another of the groupswhich replaced
Planktothrix agardhii, Microcystis sp., also have
high light requirements (Paerl and Ustach 1982).
Zevenboom et al. (1982) hypothesise that it is
namely the higher growth rate of Planktothrix
agardhii under low light requirements in combi-
nation with a higher affinity for nitrate (Zeven-
boom and Mur 1980) that paradoxically enables
it to outcompete the N-fixing Aphani zomenon flos-
aquae even under conditionswhen N isthelimit-
ing nutrient.

Although themost massive bloomsof Plankto-
thrix agardhii primarily took place in late sum-
mer (July—August), the species was among the
dominant phytoplankton almost throughout the
year; in Enonselk&, the blooms of red strains of
Planktothrix agardhii occurred even throughout
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thewintersin 1982—1984. Dominanceby P. agar-
dhii isusually accompanied by low phytoplankton
diversity (Romo and Miracle 1995). Aphanizome-
non flos-aquae, on the other hand, occurred al-
most exclusively in late summer. Whether this
ecological difference affected the shift in domi-
nanceisnot clear; it did, however, most certainly
affect the overall species composition among the
phytoplankton. This shift from P. agardhii to
A. flos-aquaefreed anumber of ecological niches
for the phytoplankton and raised the species di-
versity. All the Aulacoseira species which
abounded in Vesijarvi in the mid-1980s were spe-
cies which thrive in eutrophic waters (Tikkanen
1986, Krammer and Lange-Bertalot 1991), espe-
cialy the peak-forming A. islandica. Apparently
the shift among the cyanobacterial speciesin 1984
freed a niche for the Aulacoseirans in the still
eutrophiclake. Among the specieswhich replaced
the Aulacoseira spp. in Enonselkaboth Fragilaria
crotonensis and Tabellaria flocculosa are sum-
mer species, which, presumably, to a larger ex-
tent competewith the cyanobacteriathan themain-
ly spring- and autumn-species of Aulacoseira.

The collapse of the cyanobacteria bloomsand
the subsequent shift towards dominance by other
phytoplankton groupsintheearly 1990sin Enon-
selka (Kairesalo et al. 1999) did probably also
have multiple causes. Clear downward steps in
both the total N and total P concentrationsin the
surface water were found in 1989-1990. Since
cyanobacteriain general are inefficient at taking
up nutrients at low ambient concentrations (e.g.
Reynolds 1984), it is probable that the additional
factor which, apart from the decrease in the total
nutrient concentrations, contributed to the shiftin
1989-1990 was a changein therate of cycling of
nutrients in the lake.

The mass removal of cyprinid fishes and the
subsequent reduction intheroach and smelt stocks
(Horppila and Peltonen 1994) is bound to have
affected the phytoplankton structurein Vesijarvi.
A substantial amount of Pwas, firstly, taken away
from the lake through the removal of the fish,
accel erating the decreasein thetotal P concentra-
tion in the water (Horppila 1994). Secondly, the
removal of especially thebottom-foraging roaches
decreased theinternal loading pressureonthelake
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(Horppila 1994, Kairesalo et al. 1999). The de-
crease in the roach stock may in addition have
been instrumental in causing a shift in the nutri-
ent recycling in the pelagial, too, since migrating
schools of roach have been shown to represent a
substantial input of nutrientsto the pelagia inthe
form of pul sesof easily-degradabl e faeces, at | east
inmesocosm experiments (Horppilaand Kairesalo
1990, Keto et al. 1992, Kairesalo et al. 1999).
Further, the manipulation of the fish stocks un-
doubtedly caused some changesin the rest of the
food web (e.g. decrease of the cyprinids and im-
provement inthe predator fish stocks), whichwere
reflected in the phytoplankton biomass and spe-
cies composition (Peltonen et al. 1999).

At high pH, especialy, when the supply of
suitable carbon sources for other phytoplankton
(e.g. eucharyotic r-strategists) may become the
limiting growth factor, cyanobacteriaarefavoured
by their ability to utilize even low levels of CO,
(Shapiro 1973, Fogg et al. 1973, Paerl and Ustach
1982). Since cyanobacteriathusareless competi-
tive at pHs lower than 8.5 (Shapiro 1990), they
probably suffered relatively morethan e.g. chloro-
phytesand diatomsin therecovery processof Ve-
sijarvi. Althoughtheoverdl pH trendin Enonselka
has been increasing, the littoral values have de-
creased since 1989, and extremely high (> 10)
summer values have no longer appeared in the
1990s. Thus, the lowering of the pH asaresult of
declining primary production may have been an-
other causative factor in the disappearance of the
cyanobacterial blooms from Enonselké in the
1990s. The lower pH most likely made the shift
more dramatical than would have been expected
from the changes in the other water quality vari-
ables.

Conclusions

The water quality in Enonselkd, especidly, has
improved substantially since the beginning of the
1980s, particularly since the biomanipulation
started in the late 1980s. The noxious cyanobac-
teria blooms, which were the perhaps greatest
obstaclein therecreational use of thelake, disap-
peared in a stepwise fashion: in 1984-1985, the
cyanobacterial biomass dropped and the domi-
nance shifted from Planktothrix agardhii to Apha-
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nizomenon flos-aquae, and in 1989-1990 the mass
blooms of cyanobacteria disappeared altogether.

The main factors that caused the shift in spe-
ciesdominance in 1984 were probably the cessa-
tion of the aeration of the Enonselk& hypolimnion
in combination with the gradual lowering of the
total N and, especially, P concentration of thelake
water. The collapse of the cyanobacterial blooms
in the early 1990s was most likely driven by bio-
mani pulation-induced changes in the recycling
rates of the remaining nutrients. The elimination
of the earlier extremely high pH values may have
further accelerated the change in the phytoplank-
ton community. It isnotorioudly difficult to point
out specific connections between the changesin
the phytoplankton and the changes in nutrients
and other water quality variables, however. Moni-
toring data does not reveal the mechanisms be-
hind the observed changes which are results of
several biological processes of different spatio-
temporal scales. The recovery of the lake has to
beviewed asadynamic, interactive process, where
many mechanismsinteract and causesand effects
are jumbled.
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